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MATERIALS AND METHODS
From the 1992 California birth certificate database, all singleton live births to California resident mothers who were identified as Asian or non-Hispanic white were selected. The Asian sample was selected on the basis of maternal national origin: Cambodian, Chinese, Filipino, Indian, Japanese, Korean, Laotian, Thai, and Vietnamese. Infants of women identified as "Asian, other" were excluded.
Variables
Infant birth weight was used to define mutually exclusive dependent variables: extremely low birth weight (<500 g), very low birth weight (500-1,499 g) (22) (23) (24) , moderately low birth weight (1,500-2,499 g) (18, 22, (24) (25) (26) (27) (28) , normal birth weight (2,500-4,000 g; reference category) (29, 30) , and high birth weight (>4,000 g) (29, 30) . To focus on the determinants of low birth weight, infants weighing less than 500 g and more than 4,000 g were excluded from the multivariate analyses.
The predictor variables of primary interest were maternal ethnicity (Asian vs. white) and Asian national origin. The other covariates were maternal demographic factors (age, education, and birthplace), obstetric factors (parity), utilization of prenatal care, and infant sex, measured as categorical variables. Utilization of prenatal care was measured by Kotelchuck's Adequacy of Prenatal Care Utilization Index (31) , which quantifies the adequacy of prenatal care according to the timing of enrollment in care, the adequacy of received services, and gestational age at delivery. Four levels of utilization are defined: inadequate, intermediate, adequate, and adequate-plus (31) . For example, women who enroll in prenatal care during the first or second month of pregnancy but receive fewer than 50 percent of their recommended visits have inadequate utilization. Women who enroll in care before the fifth month of pregnancy and receive at least 110 percent of the recommended services are "adequate-plus" utilizers (31) .
Statistical analysis
To investigate the relation between ethnicity and birth weight, we compared Asian women with white women. To assess the relation between Asian national origin and birth weight, we compared white women with women from each of the nine Asian subgroups. Ethnic and national origin differences in maternal characteristics and birth weight outcomes were tested using chi-squared statistics. Unadjusted odds ratios and 95 percent confidence intervals were computed to compare the incidences of very low and moderately low birth weight in each Asian subgroup with those in white women. Multiple logistic regression was used to estimate associations between Asian national origin and low birth weight after adjustment for maternal age, education, birthplace, parity, utilization of prenatal care, and infant sex. The statistical analyses were conducted using SAS (32).
RESULTS
Complete information was available for a total of 271,960 births: 50,094 Asian births and 221,866 white births. In less than 1 percent of births to white or Asian women, including the Asian subgroups, was information missing on maternal age, education, birthplace, parity, infant birth weight, or infant sex, and in less than 2 percent of births was information missing on utilization of prenatal care. For the multivariate analyses, 6-13 percent of very low birth weight infants and 2-7 percent of moderately low birth weight infants were excluded. For both outcomes, births to Japanese women were least likely to be excluded because of missing data, while births to Laotian women were most likely to be excluded.
Maternal characteristics and utilization of prenatal care
Maternal characteristics and utilization of prenatal care, by ethnicity, are presented in table 1. Significant differences between Asian and white women were found for almost every characteristic, but since modest differences may have been statistically significant due to the large sample size, significant findings must be carefully interpreted. Relative to white women, Asian women were more likely to be older, to have less than a high school education, to be foreign-born, and to be primiparous. Asian women were also more likely to utilize prenatal care at the inadequate and adequateplus levels than were white women. There was no ethnic difference in the infant sex ratio.
When the Asian sample was stratified by national origin, noticeable differences were found (table 2) . Filipino women represented the largest subgroup, and Thai women the smallest. Ten percent of Laotian women were younger than 18 years, compared with less than 1 percent of Chinese, Indian, Japanese, and Korean women. Older age was most common for Japanese women and least common for Indian women. Nearly three quarters of Cambodian and Laotian women had less than a high school education, compared with less than 2 percent of Japanese women. The majority of women in each Asian subgroup were foreign-born, except for Japanese women, who were approximately equally divided between foreign-and US-born. Half of Chinese, Indian, Japanese, and Thai women were primiparous, compared with one quarter of Laotian women. Multiparity was most common for Laotian women and least common among Korean women.
Utilization of prenatal care also varied by Asian subgroup (table 2). Inadequate utilization of care was most common for Laotian women and least common for Japanese women. Adequate utilization was most common for Korean women and least common among Cambodian women. Across all Asian subgroups, a greater proportion of women utilized services at the adequate-plus level than at the adequate level. The infant sex ratios were similar across the nine Asian subgroups. Table 3 presents die incidence rates of infant birth weight outcomes by ethnicity. The incidence rates of extremely low and very low birth weight were similar between Asian and white women. On the other hand, the incidence of moderately low birth weight was 40 percent higher among Asian infants.
Birth weight outcomes by ethnicity and national origin
The distribution of birth weight outcomes by Asian subgroup is also presented in table 3. Indian women had the highest proportions of extremely low and moderately low birth weight infants, and very low birth weight was most common among infants born to Filipino women. Infants born to Korean women, on the other hand, had the lowest proportions of extremely low, very low, and moderately low birth weight. Table 4 (column 1) shows the unadjusted relations between Asian subgroup and very low birth weight. Relative to white women, Filipino women were more likely to have very low birth weight infants, while Chinese women were less likely. In the multivariate model (table 4, column 2), the adjusted odds of very low birth weight were unchanged for both Chinese and Filipino women. Table 4 (column 3) also shows the unadjusted relations between Asian subgroup and moderately low birth weight. Cambodian, Filipino, Indian, Japanese, Laotian, and Thai women were more likely to have moderately low birth weight infants than were white women, while Korean women were less likely to have moderately low birth weight infants than whites. In the multivariate analyses (table 4, column 4), Cambodian, Filipino, Indian, and Laotian women remained at elevated risk of having moderately low birth weight infants. However, the lesser risk of moderately low birth weight among Korean women seen in unadjusted comparisons, as well as the greater risk among Japanese and Thai women, became insignificant in the multivariate analyses.
The various demographic, obstetric, health service, and infant factors were associated with the birth weight outcomes (table 4) . Adolescent women were more likely to have very low birth weight infants than were women of intermediate age. Older maternal age, less than a high school education, primiparity, and multiparity were all associated with an increased risk of both very low and moderately low birth weight. Foreign-bom women were slightly less likely to have infants of moderately low birth weight than were US-born women. Infant boys were less likely to be of moderately low birth weight than infant girls, although there was no sex difference in very low birth weight Utilization of prenatal care was strongly associated with the birth weight outcomes ( ately low birth weight infants than women with adequate utilization of services. On the other hand, women with adequate-plus utilization were 5-8 times more likely to have very low and moderately low birth weight infants than women with adequate utilization. Utilization of prenatal care was more strongly associated with the low birth weight outcomes than any other factor. 
DISCUSSION
The principal findings of this study indicate that Asian women in California have nearly achieved the US Public Health Service goal of no more than 5 percent of infants' being born with low birth weight (<2,500 g) (21) . Our results also demonstrate that there is a great deal of variation in low birth weight outcomes among Asian women by national origin subgroup. Overall, rates of low birth weight among Chinese, Korean, and Vietnamese women ranged from 3.5 percent to 4.7 percent, lower than the US national goal (21) . On the other hand, the low birth weight rates among Cambodian, Filipino, Indian, Japanese, Laotian, and Thai women ranged from 5.3 percent to 8.0 percent, exceeding the national goal.
Maternal demographic characteristics have been identified as important determinants of health outcomes in US health policy studies (19, 33) . Among Asian women in our study, however, prenatal characteristics were not consistently predictive of low birth weight outcomes. For example, Cambodian and Laotian women had an unfavorable profile regarding prenatal characteristics, with high proportions of older, less educated, and multiparous women. Given these characteristics, the increased risk of moderately low birth weight infants among Cambodian and Laotian women was expected (19) . On the other hand, Filipino and Indian women in our study had a favorable profile regarding prenatal characteristics, relative to white women (19) . Contrary to expectations, however, Filipino and Indian women had higher rates of low birth weight than white women. Previous studies of Filipino women in Hawaii and New York also reported elevated rates of both low birth weight (6, 34) and very low birth weight (34) relative to white women. While there is less information on health outcomes among Indian women, investigators at the National Center for Health Statistics have documented elevated rates of low birth weight among Indian women relative to other Asian women (7). In our study, when the unadjusted and adjusted analyses were compared, sociodemographic factors and utilization of prenatal care were more predictive of low birth weight among Cambodian and Laotian women than among Filipino and Indian women. Thus, to define the relation between Asian national origin subgroup and low birth weight, new risk models are needed.
The results of our study have implications for developing clinical guidelines and health policies. To optimize perinatal outcomes at the population level, it is important to identify subgroups with an increased risk of low birth weight outcomes. Among Asians, we documented substantial variation in the risk of low birth weight according to national origin. Heterogeneity in prenatal characteristics and perinatal outcomes among Asians has been previously reported (1, (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) , although most studies of Asian women have included no more than three subgroups (1, 6, 7) . We analyzed a large number of Asian births and nine national subgroups in this California sample, since the California birth certificate contains more detailed information about Asian national origin than the standard US birth certificate (4, 5, 7, 8) . Given the national origin variation that we documented, the limitations of the aggregate "Asian" ethnic category are obvious. Although six Asian subgroups are now identified by the National Center for Health Statistics, Cambodian, Laotian, and Thai women cannot be distinguished within the "Remaining Asian/Pacific Islander" category (7).
Our results highlight differences between subgroups of low birth weight infants (19) . The relative risk of very low birth weight was significantly elevated among Filipino women relative to whites, although the absolute difference in incidence was only 0.3 percent. Because the births of very low birth weight infants are associated with high medical costs, morbidity, and mortality (35), reducing the incidence of very low birth weight is an important health policy priority. There was more variation in the incidence of moderately low birth weight by Asian subgroup. Indian women were almost twice as likely to have moderately low birth weight infants than white women, and the absolute difference in incidence was 3.7 percent. Moderately low birth weight infants are the largest subgroup of low birth weight infants (4, 5, 8, 16, 17) , and although the factors associated with moderately low and very low birth weight outcomes differ (26) , there has been very little analysis of Asian populations. Subgroup differences in predictors of low birth weight highlight the need for health policies that are tailored to both population and outcome. Even though we identified differences in birth weight outcomes according to ethnicity and national origin, other factors are likely to be causal explanations for the elevated risks of low birth weight in certain subgroups.
Since maternal birthplace was associated only with moderately low birth weight in our study, immigrant Asian women may differ from immigrant women from other ethnic groups. Previous studies that have documented a perinatal advantage associated with being foreign-born have primarily analyzed black and Latina women (18, (36) (37) (38) (39) (40) (41) . In our population, the majority of women in each Asian subgroup were foreign-born, except for Japanese women. Studies of national data have identified differences in prenatal characteristics between foreign-and US-born Asian women (1, 7), although maternal birthplace has not been independently associated with low birth weight in Filipino (42) and Korean women (43). Among Japanese-origin Asian women, foreign-born women had a lower risk of having moderately low birth weight infants, but there was no nativity difference in very low birth weight or infant mortality (18) . While maternal birthplace may not be associated with perinatal outcomes among Asian women, two other explanations must be considered. First, we had limited power to test the independent relation between maternal birthplace and low birth weight outcomes, since the majority of Asian women in our study were foreign-bom. Second, there may be significant variation within immigrants, based on the immigration category under which they were admitted (44) . However, we were unable to test these factors, since the California birth certificate does not provide information on immigration status.
Our results document the importance of prenatal care among Asian women in the United States. Although women with inadequate and adequate-plus utilization both had an increased risk of having low birth weight infants, women in these two utilization subgroups probably differ. For example, women with inadequate utilization may lack insurance or have 154 Fuentes-Afflick and Hessol other socioeconomic barriers to prenatal care (45, 46). In the Kotelchuck index, women with inadequate care are aggregated with women who receive no prenatal care (31) , although there may be differences between these two groups (47). On the other hand, women with adequate-plus utilization of prenatal care may have pregnancy complications or other health problems that are associated with an increased risk of low birth weight. In Arizona, women with intensive utilization of prenatal services had a higher prevalence of pregnancy complications, maternal illness, and labor complications than women with lower levels of utilization of prenatal care (48).
Several limitations of this study must be considered. While 40 percent of all Asians in the United States reside in California (6, 7), our results may not be generalizable to the national population of Asian women. Asian women in our study were more likely to be older, were less likely to be multiparous, and were less likely to be US-born than the national population of childbearing Asian/Pacific Islander women (4). We focused on the relation between Asian ethnicity and low birth weight, although prematurity has also been analyzed as a measure of perinatal health. Given documented inaccuracies in reporting of the date of the last menstrual period on the birth certificate (49), we chose not to analyze prematurity or to include gestational age in the analyses.
Because of sample size limitations within the Asian subgroups, we were unable to retain pregnancy complications in the multivariate analyses. Marital status has been associated with low birth weight (19) , but since marital status is imputed on the California birth certificate, we did not include this variable. Tobacco use during pregnancy has also been identified as an important predictor of low birth weight (19, 25, 50) . In our population, less than 1 percent of Asian women reported using tobacco during pregnancy, compared with 4 percent of white women (results not shown). Given this low prevalence, we were unable to analyze this variable in the multivariate model, although it is unlikely that the inclusion of tobacco use would change the results of our study. Gestational weight gain has been hypothesized to explain ethnic differences in birth weight outcomes (43), although California is the only state that does not record gestational weight gain on the birth certificate (4, 5, 8) . Finally, our multivariate results may have been subject to selection bias, since there were Asian subgroup differences in the proportion of cases that were excluded due to missing data.
Given demographic predictions of continued population growth among Asians/Pacific Islanders in the United States (9, 10) , it is important, from a policy perspective, to define the predictors of perinatal health outcomes among Asian women. While current policies appropriately identify Cambodian and Laotian women as high risk subgroups, the increased risk of low birth weight among infants of Filipino and Indian women remains unexplained. Finally, further investigation of the relation between maternal nativity, immigration status, and health outcomes is needed to test the hypothesis that Asian immigrants differ substantially from other immigrant groups in the United States.
